Abstract-New
Learning Strategies in Online Collaborative Examinations
With over three million university students taking online courses in the US alone in 2005, and with online education becoming part of the long-term strategy for many schools [1] , enhancements to the online learning process take on practical as well as theoretical importance. Most current published studies focus on learning outcomes only, such as satisfaction and learning. Prominent researchers such as Alavi and Leidner, however, have called for more depth and breadth in the empirical studies in online learning [2] , and Hiltz and Goldman have proposed comprehensive input-process-output models to guide research on the interaction of the many variables that influence the effectiveness of asynchronous learning networks (ALN) [3] . Benbunan-Fich and Hiltz, for example, examined mediators of the effectiveness of online courses, and found that motivation and active participation, among other variables, significantly mediated learning results [4] . Thus, there is an increasing need to examine other variables such as students' learning predispositions and learning strategies in order to provide a better understanding of online learning. Our research aims at a deep investigation of students' learning dispositions, strategies, and outcomes in the context of online exams. Students not only should be evaluated by, but should also learn through assessment. The traditional instructor-controlled exam reflects the objectivist learning model [5] , which regards learning as the uncritical transfer of objective knowledge from instructor to students. New assessment approaches based on constructivism theory [6] propose that learners actually construct knowledge, guided by their own ideas and interests. Instead of presenting learners with information perhaps unrelated to their own ways of thinking, constructivist approaches emphasize the role prior knowledge plays in building new knowledge [7] . For example, learner-centered assessment [8] and classroom assessment [9] shift attention from instructors and teaching to students and learning through assessment.
COLLABORATIVE LEARNING, an offspring of the constructivist model, is a learner-centered and team-oriented approach that assumes learning emerges as learners interact with each other [10] . Studies have shown the superiority of collaborative learning in both face-to-face settings and online education using group support systems (GSS) [3] , [11] .
Despite the collaborative learning paradigm that dominates ALN, only a few studies have been conducted to incorporate students' active participation and collaboration into the assessment process online. With the use of GSS, students' participation and collaboration have been integrated into specific phases of collaborative assessment, such as collaborative development of the grading scheme [12] , question composition [13] , collaborative question answering [14] - [16] , and peer-and self-grading [17] - [19] .
Incorporating constructivism and collaborative learning theories, the online exams in this study feature students' active participation in various phases of the exam process through small group activities. Students designed exam questions, answered questions designed by their peers, and graded answers to the questions they authored. In the online participatory exam, students participate in the online exam process individually. When overall positive results of the online participatory exam were revealed in previous studies [20] , [21] , the online collaborative exam was designed and examined in this study in the hope of further improving students' learning. The online collaborative exam features students working in small groups in the question design and grading phases, but individually in the answering phase. Although the most common form of collaborative testing refers to students providing a common set of exam answers [16] , we believe question design and grading phases are important opportunities for students to learn, which can be further enhanced with group work. The answering phase remains individual to allow the exam to assess an individual student's learning.
A field experiment was conducted to evaluate the online exams compared with the traditional in-class exam. This paper examines students' learning styles and their adoption of learning strategies in taking online exams, in particular deep learning and collaborative learning, as well as student learning outcomes.
THEORETICAL CONTEXT
In contemporary educational theory, one influential group of researchers has identified learners' approaches to be either surface level or deep level [22] - [25] . A deep learning approach is consistent with a search for knowledge and understanding, whereas a surface learner is concerned only with passing exams by memorizing facts. Learning approaches have a motivation and a strategy element, which are related [22] , [24] . Students attempt to understand a topic (deeply) if it is of real interest to them or if they can see its relevance to their current or future professional roles; whereas a surface approach is associated with limited interest in a task or an extrinsic motivation. While students normally have a predisposition to either deep or surface approaches in general, this preferred approach can be modified by the teaching context or learning environment for individual courses or particular learning tasks. Measures of approaches to learning can, therefore, be related to aspects of the teaching and learning environment. In assessment, prior studies have found that among other variables, students dynamically form exam study strategies according to different assessment methods, while their predisposition towards a surface or deep learning approach also impacts their exam studying strategies [26] , [27] .
Collaborative learning has been identified as essential for creating an effective online learning environment [3] . Collaborative learning involves social (interpersonal) processes by which a small group of students work together (i.e., collaborate and work as a team) to complete an academic problem-solving task designed to promote learning. Many theories that are distinctively social have been advanced, such as situated learning [28] , distributed cognition [29] , and learning communities [30] . Applying these social learning theories to the online environment, online researchers have studied the capacity of the online environment to support social activities and interaction [31] - [33] . They found that the extent of students' perceptions of their learning experiences online as actively involving, socially rich, and collaborative can improve their learning outcomes. Fig. 1 shows the research model that will be discussed in this paper. This is part of a larger research framework [34] developed based on the Online Interaction Learning Model [35] . 
RESEARCH MODEL AND HYPOTHESES

Exam Modes
The independent variable consists of three exam modes: the traditional exam, the participatory exam, and the collaborative exam. Fig. 2 compares and contrasts the three exam processes as they were conducted in this study.
In both the participatory exam and the collaborative exam, the process of involving students in question design and grading is conducted online. While students in the participatory exam perform these steps individually, students in the collaborative exam first participate individually (i.e., each designs questions and grades), and then the group (of three to five students) as a whole discusses, improves, and reaches consensus on the questions and grades. Typically, essay type questions are designed and answered by students. As discussed above, students answer exam questions individually in all three exam modes to maintain the exam's ability to provide accountability of individuals' learning.
Learning Predispositions
Many studies in web-based learning have indicated that student characteristics [36] , among other contextual factors [37] , are likely to influence learning. As part of student characteristics, students' predispositions on learning are expected to moderate the strategies they adopt. In particular, the following two aspects of students' learning predispositions are examined in this study: (1) deep learning, and (2) collaborative learning.
As discussed previously, DEEP LEARNING is a student's approach to learning which is consistent with a search for knowledge and understanding; whereas a surface approach is concerned only with passing exams by memorizing facts. Studies have shown that students normally have a predisposition to either deep or surface learning. In this study, students' deep learning predisposition was measured before the exam through questions about their approaches to learning the course materials.
Collaborative learning predisposition is developed in this study to describe students' orientations in using collaborative learning strategies and learning from other students. A COLLABORATIVE LEARNING APPROACH is consistent with learning from interacting with other students and enjoying working with other students. As with deep learning, students' collaborative learning predispositions were measured before the exam.
Exam Study Strategies
The exam study process includes the learning activities that occur in preparing for and participating in an exam. In the traditional exam, the exam study process includes preparation before the exam, learning while answering questions during an exam, and reviewing the instructor's feedback after the exam. In the participatory and collaborative exams, the exam study process includes not only the activities associated with the traditional exam, but also additional activities during the question design phase, the grading phase, and review of others' postings in the ALN environment.
While deep learning is associated with students' general learning approach to the course, deep exam study is associated with the specific learning strategies students adopt in exam study. DEEP EXAM STUDY is defined in this study as the extent of the student's search for knowledge and understanding during the exam studying process. Low adoption of deep exam study (i.e., surface exam study) is associated with passing exams by memorizing facts, while high adoption of deep exam study is associated with seeking knowledge and understanding. Deep exam study is reflected in a number of strategies the student may use in exam studying, such as adopting professional perspectives to understand course materials, and spending extra time to obtain more information on interesting topics [26] , [27] . In this study, deep exam study was measured after the exam through questions about the specific approaches students adopted.
Similarly, social engagement is associated with the specific learning strategies students adopt in exam study. SOCIAL ENGAGEMENT is defined as the extent of a student's active involvement in learning from other students through the exam study process, and the sense of forming a learning community. High adoption of social engagement in exam studying is using strategies such as getting to know other students better through the exam process, acknowledging learning from others, and forming a learning community.
Student Learning Student learning outcomes are examined from two perspectives in this study: student perceived learning, and actual learning. Perceived learning was measured using 12 items in the post-exam surveys. Among the 12 items, 10 were designed based on Bloom's taxonomy [38] to measure perceived learning from lower levels, such as understanding the materials, to higher levels, such as comprehension, understanding, application, analysis, synthesizing, and evaluation. The other two items were adapted from the collaborative exam questionnaire used in previous studies conducted by the authors [21] , [39] .
Actual learning was measured using exam grades in final exams whenever possible, where the experiment was conducted during the midterm and a conventional exam was given as the final exam. In those courses where there are no final exams but final projects instead, the final project grades were used as a measure of actual learning.
Research Questions and Hypotheses
Since the collaborative exam is the main innovation of this research and thus the focus of the paper, the following hypotheses compare the collaborative with the participatory exam, and the collaborative with the traditional exam. For comparison of the participatory and traditional exam, see other publications [20] .
Based on constructivism and collaborative learning theories, actively engaging students in the entire exam process as online collaborative groups should enhance learning and the sense of a learning community. Thus it was hypothesized that students in the collaborative exam would adopt higher levels of deep exam study (H1) and higher levels of social engagement (H2) than students in the other two exam modes. In addition, students in the collaborative exam would achieve better learning outcomes, including perceived learning (H7) and actual learning as measured using final exam or project grades (H8). As students' predispositions towards a surface or a deep learning approach also affect their exam studying strategy, it is hypothesized that students' predispositions on deep learning or collaborative learning will affect their adoption of deep learning (H3) or social engagement (H4) in exam studying. The interaction effects of exam modes and learning predispositions (H5, H6), and exam modes and exam study strategies (H9, H10) are also investigated. While previous studies on online examinations indicate overall positive results, student interviews suggest that there may be a wider range of exam strategies adopted in taking the online exam compared with the traditional exam [20] , [21] , [40] , [41] . The research questions and hypotheses are listed below, with corresponding hypothesis numbers shown in the research model in Fig. 1 
RESEARCH DESIGN
Subjects To investigate the research questions, a 1 3 quasi-experimental nonequivalent groups design with pre-and post-measures was employed. This is appropriate given the situation of the study where the participants were aggregated into groups (i.e., course sections) for educational purposes, and where random assignment was not possible. The study was conducted in the spring, summer, and fall semesters of 2004 at a US university. A total of 22 course sections at the undergraduate and graduate levels participated in the experiment. A balancing technique was used to assign sections with similar characteristics to different exam modes in order to counterbalance pre-existing differences among students. Table I shows the number of subjects in each condition and the response ratio. Extra credit towards the exam grade was provided as incentive to complete the surveys.
Procedures Detailed exam instructions including question design and answer grading criteria were provided to students before the exam. The entire online exam took about two and a half weeks, including about three days for each of the main phases: question design, answering, and grading, and a few days for the instructor's activities, such as question review and assignment. The online exams were conducted using WebBoard and WebCT, and the process was anonymous using pen names. Students in the traditional exam condition took the exam in class, or through proctors in remote sites in distance-learning courses. The instructor provided the questions and graded students' answers. With the instructors' permissions, students were allowed to use certain course materials in the traditional exams in this study, such as course notes, books, or other references, in order to make the exam conditions comparable in this regard. Grading criteria and guidelines equivalent to those of the online exams were provided in advance of the exam to students. Questions of similar types (e.g., essay) were asked in matching course sections in different exam modes whenever possible (e.g., because of a matching section in the same semester, questions designed by students in the online section were re-used for the traditional exam in the same course.)
Students in all three conditions filled out the pre-exam questionnaire regarding demographics and learning predispositions. Shortly following the exam, students were asked to complete the post-exam questionnaires, which have many of the same questions for the three conditions to allow comparison. The questionnaires adapted items that have been validated [26] , [42] , and items from Collaboration Support Systems Used in the Study WebBoard and WebCT were the asynchronous conferencing systems used to facilitate the participatory and the collaborative exams in this study. Both systems have "conferences," which are threaded discussion areas where students can post, read, and reply to comments of others. One main conference was created for the main exam activities; administration information and student feedback were posted in general administration and feedback conferences.
FINDINGS
The raw data were analyzed using SPSS. This section first presents the factor analysis and normalization test results, followed by item-level response analysis, and finally hypothesis testing outcomes. Items measuring the deep learning predisposition construct split into two factors. The positive items converged into one factor (deep learning), and the negative items converged into another factor (surface learning). The items measuring collaborative learning converged into one factor as expected.
Using a similar procedure, the following factors were extracted from the post-exam survey results. The items from the post-survey measuring the deep exam study construct split into two factors.
The positive items converged into one factor (termed deep exam study), and the negative items converged into another factor (termed surface exam study). The items measuring social engagement and perceived learning converged into factors as expected. These items are shown in Tables II and  III. The reliability analysis of the factors suggests the factors are highly reliable, with Chronbach's alpha all above the 0.7 level. The mean scores were calculated for all the factors, and the data were tested for normal distribution. Among the seven factors, four were normally distributed (deep learning, collaborative learning, deep exam study, and social engagement). Through data transformation, surface learning and perceived learning were successfully normalized. In addition, final exam/project grades were also tested for normal distribution, and they were normally distributed. In the next section, parametric data analysis was performed on factors that were normally distributed, and nonparametric data analysis was performed on surface exam study, which was not normally distributed.
Given deep learning splits into two factors (deep learning and surface learning) through the factor analysis above, H1 and H3 are each revised with an additional hypothesis addressing the new factor. Although deep exam study also splits into two factors, surface exam study factor is not normalized. Given the limitations of nonparametric tests, H5 and H9 are not revised, and only deep exam study is used in testing those hypotheses. The additional hypotheses are: H1a: Students taking the collaborative examination will have lower adoption of surface learning in the exam studying process than students taking the traditional exam (H1a.1) or the participatory exam (H1a.2). H3a: Students' adoption of surface learning in the exam studying process will be positively related to their predispositions in surface learning.
Before presenting the main results, it is necessary to point out that analysis using the pre-exam survey data shows no significant difference among students in the three exam modes before the exam. The one-way ANOVA comparing the learning dispositions revealed that there is no significant pre-existing differences of students among the three exam modes at the 0.05 level, including collaborative learning . , deep learning , , and surface learning , . Students' demographic data were analyzed using Chi-Square tests, and no significant differences existed among the three conditions, including gender , , work experience , , and previous online exam experiences , . This suggests the matching technique used in assigning courses to different exam modes was quite successful in preventing pre-existing differences among the three conditions.
Univariate Analysis This section presents key descriptive results from the post-exam survey on the individual question item level. Table II provides the univariate analysis results of the six items of the deep exam study factor, including means and standard deviations.
Deep Exam Study:
In five out of six items, students in the participatory or the collaborative exam reported adopting a deeper approach to exam study compared with those in the traditional exam. For example, students in the participatory exam reported the highest adoption of deep exam study in terms of finding the topics interesting, being willing to spend extra time to study, adopting professional roles in understanding materials (e.g., putting oneself in the position of a system analyst and designer), spending extra time to find out additional information, and relating course materials to other subject areas. Students in the collaborative exam reported the highest level of achieving satisfaction by researching topics to form their own conclusions in exam study. The only item that had the highest score in the traditional exam is testing oneself on important topics until one understands them completely. The results suggest that students in the participatory and the collaborative exam adopted a deeper approach to exam study, including taking professional and academic perspectives in understanding materials, while students in the traditional exam tested themselves on important topics before the exams. Table III shows the results of the two items of the surface exam study factor. Note the negative items were converted back so that the item statement matches the mean (i.e., the higher the number, the more adoption of surface exam study).
Surface Exam Study:
For both items, students in the traditional exam adopted noticeably higher levels of surface study in their processing of information compared with those in the online exams, including trying to remember answers to likely questions as the best way to pass the exam ( , , ), and learning by rote ( , , ). Results suggest that students in the traditional exam had the highest adoption of surface exam study strategy in their processing of information. Table IV provides the results of the four items measuring the social engagement factor. For all four items, students in the collaborative online exam noticeably had the highest level of social engagement, including getting to know other students through the exam process ( , , ), perceiving the exam as a group process ( , , ), forming a learning community through exam study ( , , ) , and enhancing understanding of course materials by interacting with other students ( , , ). Results suggest that students in the collaborative exam had the highest adoption of social engagement in exam study. Interestingly, it is also noticeable that the level of social engagement in the participatory exam was lower than or as low as the traditional exam on most items. This suggests that without the small group activities, the level of social engagement in the online environment is as low as or even lower than the traditional settings.
Social Engagement:
Perceived Learning: Table V provides the results for the 12 items of the perceived learning construct.
In 10 out of the 12 items, students in the collaborative exam reported the highest level of exam were the highest. For example, students in the collaborative exam reported the highest level of improvement in their knowledge of course concepts, methods and theories, and in their understanding of course materials. They also reported enhancement in skills such as using knowledge in new situations, solving problems, recognizing patterns, making generalizations and predictions, comparing and discriminating ideas, and making judgments and assessments of the quality of ideas and arguments. In addition, students in the collaborative exam reported the highest level of learning in reading exam questions posted online and in answering exam questions. Students in the participatory exam reported the highest level of improvement in seeing different course components and organizing them in a meaningful way, and relating knowledge from different academic areas. In 11 out of the 12 items, students in the traditional exam reported the lowest level of perceived learning among the three exams.
Hypothesis Testing
To test the hypotheses, the mean scores were calculated for all the factors. To compare the differences among the three exam modes, one-way ANOVA tests were conducted on deep exam study and social engagement, which were normally distributed. The Kruskal Wallis test, which is the nonparametric equivalent of the one-way ANOVA, was conducted on surface exam study. The ANOVA results are shown in Table VI  and the Kruskal Wallis test results are shown in  Table VII , where the higher the mean rank, the higher the score.
Significant differences were found among the three exam modes in social engagement and surface exam study , but not in deep exam study. Therefore, H1.1 and H1.2 are not supported. Results show that students in the collaborative exam adopted significantly lower levels of surface exam study than students in the traditional exam . Therefore, H1a.1 is supported , and H1a.2 is not supported.
To examine the relationship between students' deep/surface learning predispositions and their deep/surface exam study strategies, correlation analysis using Pearson's was conducted on deep exam study strategy. The Spearman's rho test was conducted on surface exam study. As shown in Table VIII , learning predispositions were significantly correlated with exam study strategies. Therefore, H3 is supported ( , ), and H3a is supported (Spearman's rho , ). Correlation is significant at the 0.01 level (2-tailed).
Spearman's rho is used instead of Pearson's r in this column.
To examine the relationship between students' pre-exam collaborative learning and their social engagement in exam studying, a correlation analysis using Pearson's was conducted. Results show that the two variables were significantly correlated ( , ). Therefore, H4 is supported.
To test H5, deep learning predisposition as measured by the pre-exam survey was first categorized into low, medium, and high. The two extreme categories were used and the medium category was excluded from further analysis. A 2 2 factorial ANOVA test was then conducted to compare the two exam modes and the two deep learning predispositions. Tables IX and X show the means and the significance test results in factorial ANOVA. As shown in Fig. 3 , the least deep-oriented students had a slightly larger increase in the level of deep exam study than those who were most deep-oriented (i.e., the slope of the diamond line is more steep than the square line). The interaction effect is not significant. Therefore, H5 is not supported. Though there is no relationship between exam mode and deep exam study, there is a moderately strong positive relationship between To test H6, collaborative learning predisposition as measured by the pre-exam survey was first categorized into low, medium, and high. The two extreme categories were used, and a 2 2 factorial ANOVA test was conducted. Tables XI and XII show the means and the significance test results of factorial ANOVA tests. There is a moderately strong relationship between collaborative learning predisposition and social engagement, with an effect size of 0.26. As shown in Fig. 4 , the least collaboratively oriented students had a greater increase in the level of social engagement compared to those who were most collaboratively oriented (i.e., the slope of the diamond line is more steep than the square line). In addition, the difference in social engagement between the two types of students was smaller in the collaborative exam than the traditional exam. However, the interaction effect is not significant. Therefore, H6 is not supported. To test hypotheses on student learning outcomes, one-way ANOVA tests were conducted on perceived learning and final exam/project grades. As mentioned before, final exam or project grades were collected and used as a measurement of students' actual learning in those courses where the experiment was conducted as the midterm exam and the final was a traditional exam. Final examinations or projects are comprehensive, covering the entire semester and not just the portion after the midterm; thus they include what was learned overall in the course. The ANOVA results are shown in Table XIII .
Significant differences were found among the three exam modes in perceived learning , although the effect size is negligible (0.02). Post-hoc analysis reveals that students in the collaborative exam reported significantly higher perceptions of learning than those in the traditional exam . Therefore, H7.1 is supported, and H7.2 is not supported.
As shown in Table XIII , students in the collaborative exam achieved higher final exam/project grades than students in the other two exam modes. Using the final exam or project scores as the reflection of actual learning suggests that students in the collaborative online exam may have indeed learned the most from the midterm exam compared with the other two exams. However, the difference is not significant. Therefore, H8 is not supported.
To test H9, deep learning as measured in the post-exam survey was first categorized into low, medium, and high. The two extreme categories were used, and a 2 2 factorial ANOVA test was conducted. Tables XIV and XV show the means and the factorial ANOVA significance test results. As shown in Fig. 5 , the interaction effect is not significant, even though the distance between the two lines is slightly smaller in the collaborative exam than the traditional exam. Therefore, H9 is not supported. It is notable that the effect size for the relationship between deep exam study strategy and perceived learning is substantial (0.326).
To test H10, social engagement as measured in the post-exam survey was first categorized into low, medium, and high. The two extreme categories were used and a 2 2 factorial ANOVA test was conducted. Tables XVI and XVII show the means and the factorial ANOVA significance test results. There is a moderate effect size for the relationship between social engagement and perceived learning, but no other relationship is significant. Fig. 6 shows that the least socially engaged have a drop in perceived learning in the collaborative exam, while the most socially engaged stay almost the same in the two exams, but the interaction effect is not significant. Therefore, H10 is not supported.
The results are summarized in Fig. 7 , which is the research model shown in Fig. 1 
DISCUSSION
This paper examines students' learning predispositions, adoption of exam study strategies, and learning outcomes when taking online exams. First, the results show that students' adoption of deep or surface exam study strategies were significantly associated with their deep or surface learning predispositions. More importantly, the participatory and collaborative online exams resulted in students adopting significantly lower levels of the surface exam study strategy. Students in the online exams reported significantly less use of memorization and rote learning without understanding the materials in exam study, compared with those in the traditional exam. As observed through the study, the online exams allowed students to prepare for the exams differently than for the traditional exam by motivating them to conduct in-depth research, cover a broader breadth of knowledge, and synthesize materials.
Second, the level of social engagement in exam study was not only significantly associated with students' predispositions in collaborative learning, but, more importantly, was significantly higher in the collaborative exam than both the participatory exam and the traditional exam. Students in the collaborative exam reported perceiving the exam process as a group experience, forming a sense of a learning community, and enhancing their understanding of course materials through interactions with other students. Strikingly, students' level of social engagement in the participatory online exam was significantly lower than that in the collaborative exam, and was at the same level as the traditional exam. This suggests that without incorporating the small group activities into the online process, the level of engagement in learning from others and the sense of a learning community are as low as in the traditional settings.
Significant differences were also found in student learning outcomes. Students in the collaborative exam reported significantly higher levels of perceived learning than those in the traditional exam. Students reported improvement in their understanding of course materials, and enhancement in skills such as using knowledge in new situations, solving problems, recognizing patterns, comparing ideas, and making judgments. As a measurement of actual learning, final exam/project grades were the highest among students who took the collaborative exam rather than the other two exam modes. Although the results were not significant, this suggests that students may indeed learn the most through the collaborative exam. Further studies are needed to investigate this, especially those based on longitudinal data.
While neither the interaction effects of the learning predispositions and exam modes on exam study strategies nor those of exam study strategies and exam modes on learning outcomes were statistically significant, they do provide some interesting indications that there may be an effect that is masked by sources of variance introduced by the field study design, in which many variables could not be controlled. The results using deep exam study indicate that the collaborative exam seemed to be the most effective in motivating the least deep-oriented students to adopt a higher level of deep exam study strategy. The collaborative exam also motivated the least collaborative-oriented students to adopt a higher level of social engagement than those who were most collaborative-oriented. In addition, there was a tendency towards a negative synergistic interaction effect, where the students who were least socially engaged in exam studying perceived less learning in the collaborative exam. The results suggest that the collaborative exam may be most effective in promoting deep learning and collaborative learning among those students who need to be motivated most, and this is important because students need to be actively engaged in group activities in order to achieve the most learning. This possibility should be pursued in a future study through refining exam and experimental procedures to focus on variables related to student motivation.
CONCLUSIONS
This study contributes the first major investigation relating students' deep study and collaborative learning dispositions with their learning strategies for online collaborative exams. It also identifies and provides instruments for measuring learning strategies towards exam studying and learning outcomes.
Short of adopting the collaborative exam, what could instructors take away from this study to improve student study habits and overall learning? Even if students are predisposed to surface learning, they can be encouraged through structural changes involving collaboration and social engagement to adopt a deeper learning approach. This corroborates research by Tang [26] , [27] . Incorporating peer review, as the collaborative exam does, leads to better preparedness. This corroborates research showing that when students know peers will read their assignments, it motivates learning [43] , [44] , which of course is our overall goal.
From a practical point of view, this research proposes an innovative form of online assessment that promotes teamwork skills and shifts the instructors' roles. Many university instructors feel the need to produce graduates with the skills desired by future employers (e.g., teamwork skills). Our study offers one way to incorporate teamwork into one of the most important learning activities: assessment in the online environment. This study shows that students' active engagement in teamwork is a significant mediator of students' learning outcomes. From the instructor's perspective, his or her role shifts from the designer and the grader to the facilitator of the exam. In addition, students' participation in the question design and grading phases make it possible to adopt question formats usually requiring more time in grading, such as essay questions or program coding questions. This reduces the constraints on the question types that can be used in collaborative testing without significantly impacting an instructor's workload. As the results show, students' perceived learning is significantly higher when they are involved in the whole exam process than in the traditional exams.
More generally, our results support the premise that when computer technology mediates and changes the form of interaction among participants in a process by moving it from physical space to cyberspace, then it can be beneficial to think about how all aspects of the process may be best adapted to fit the cyberspace environment. The various forms of "groupware" platforms that support threaded discussions and collaboration about the content of a course can also be adapted to support collaboration in the assessment process. The assessment process can become an integral part of the learning in the course, rather than a separate procedure completely divorced from it. 
